This study was conducted to understand the chemical characteristics of groundwater in carbonate areas of Korea. In this study, data on pH, electric conductivity (EC), Ca , and HCO 3 − were collected from 97 wells which were installed in various carbonate rock regions of Korea. The pH values ranged from 5.7 to 9.9, and the average value was 7.3. The concentration range showed differences between the maximum value of HCO , and HCO 3 − might be not only water-rock interactions, but also irrigation return flow, because many groundwater wells had been developed for irrigation purposes. Subsequently, the influence of agriculture on groundwater chemistry was evaluated using a cumulative plot of SO 4 2− . The threshold value of SO 4 2− calculated from the cumulative frequency curve was 29.2 mg/L. Therefore, 12.4% of all the groundwater wells were affected by agricultural activity.
Introduction
Groundwater is one of the main sources of fresh water in many areas, and is used for drinking, domestic use, irrigation, and industrial purposes. The demand for groundwater is increasing every day because of urbanization and intensive agriculture (Kim et al., 2004; Siebert et al., 2010; Lee, 2011; Moon et al., 2012) . In many areas, excessive use of groundwater has induced problems such as contamination, ground subsidence, and depletion of groundwater. The hydrological and environmental impact may be the result of increasing human activities, and studying the evolution of groundwater helps us to better understand the water processes of this area (Pu et al., 2013) . Furthermore, preservation and improvement of groundwater quality is important in securing renewable groundwater resources.
In the study area, groundwater is the most important source of water for agriculture and city development. In recent years, excessive use of groundwater for different purposes has led to its deterioration (Kim et al., 2005) .
There are many factors that influence the chemistry of groundwater, such as geological processes and structures, host rock mineralogy, and rain precipitation chemistry (Andre et al., 2005) . The chemical properties of groundwater in carbonate rock areas are influenced by both natural geochemical processes and anthropogenic factors (Jalali, 2006) .
The geochemical systems in groundwater in regions dominated by carbonate rocks are dynamic because of continuous water-rock interactions (Back et al., 1966) , and because carbonate minerals have relatively fast dissolution and precipitation kinetics (Linda et al., 2013) . Thus, groundwater circulating over long distances in carbonates rocks rapidly reaches equilibrium with carbonate minerals *Corresponding author : hydrolee@kangwon.ac.kr Received : 2014 . 2. 24 Reviewed : 2014 . 4. 30 Accepted : 2014 . 4. 30 Discussion until : 2014 . 6. 30 J. Soil Groundw. Environ. Vol. 19(2), p. 7~15, 2014 (Deike, 1990 . Generally, groundwater chemistry depends on many factors, including the nature of recharge, hydrologic gradient, residence time of groundwater, effects of human activities, and water-rock interactions (Kumar et al., 2012) .
As a result, the geochemical processes and hydrogeological implications in carbonate aquifer systems are well known for many sites throughout the world (Rui et al., 2011 (Trainer and Heath, 1976) . If the obtained data series are compared to similar conditions in different cities in Korea, the groundwater chemistries which were influenced by the dissolution of carbonate rocks and water-rock interactions can be determined. Dissolution is the partial or complete alteration of minerals due to leaching of its components by water, resulting in dissolution of the rockforming minerals (Yadav and Chakrapani, 2006) . Intergranular porosity and carbonate rock openings which have been dissolved by water serve as groundwater reservoirs and pathways within the carbonate rocks. The saturation of this water is predominated by the carbonate rock minerals (Jhon, 1972 (Kim et al., 2004 (Kim et al., , 2005 Park et al., 2012) .
The main objectives of this study are to evaluate groundwater chemistry data obtained from the Rural
Groundwater Net, and to investigate the effect of carbonate rock dissolution on groundwater quality.
Materials and Methods

Study Area
The study areas distributes in Pyeongchang, Chungcheongbuk, and Gyeongsangbuk of Korea (Fig. 1 ).
Pyeongchang is a county in Gangwon province located approximately 180 km east of Seoul. The area is surrounded by the wide ranging Taebaek Mountains and has a humid continental climate with warm, humid summers, and long, cold winters (Peel et al., 2007 The use and development of groundwater in Korea has been regulated by the Groundwater Law since 1994 . According to this law, any development of groundwater in excess of the regulated quantity requires permission from the relevant authorities (Lee and Han, 2013) . In spite of the strict law, many unofficial groundwater wells are used in the cities and rural areas. We selected groundwater wells in the studied areas on the basis of the geology around the wells. Both deep and shallow groundwater wells were selected.
General Geology
The geology of the Korean peninsula consists mainly of granite, gneiss, schist, limestone, and metamorphic sedimentary rocks, which formed during the pre-Cambrian to Cenozoic eras . This is a mountainous region extending south-southeast from the northeastern part of mainland China. Granites and gneisses cover about 60%
Korea's surface, excluding lava flow areas and carbonatedominated rock areas. There are two major mountain ranges in our study area, the Taebaek Mountains and Sobaek
Mountains. The region also contains many tectonic provinces and massifs from north to south. These massifs consist primarily of high-grade gneisses and schists (Ree et al., 1996) .
The stratigraphic unit of Gangwon province and its nearby areas is Precambrian gneiss intruded by Jurassic granite, and the rock layers are covered by alluvium. The weathered gneiss has a secondary permeability and is hydraulically connected to the Quaternary deposits (Lee and Lee, 2000) . The stratigraphic units in the other two provinces are more or less similar to the Gangwon area, containing
Jurassic Daebo granite, Precambrian banded gneiss, Cretaceous biotite granite, and Quaternary alluvium with an abundance of limestone (Hyun et al., 2008) .
The geology of the studied area is mainly dominated by carbonate rocks. Some igneous and metamorphic rocks distribute among these carbonate rocks (Fig. 1) . In carbonate areas, groundwater chemistry is influenced by chemical weathering of carbonate rocks. Carbonate minerals react quite readily with most groundwater and play an important role in the evolution of groundwater (Allen and Suchy, 2002) .
Hydrogeological Setting
The regional climate of this study area is characterized by There are two main types of aquifers in Korea, shallow alluvial and deep bedrock aquifers. The shallow aquifers are composed of unconsolidated sediments are distributed along the main river, with a thickness of 2 to 30 meters . This type of aquifer is the main source of water for agriculture in many rural areas (Kim et al., 2005) . Bedrock aquifers generally contain joints, fractures, and faults formed by tectonic activity and are overlain by a shallow aquifer. For drinking water throughout Korea, it is becoming more important to use the deeper and cleaner uncontaminated water . Both types of aquifers are found in our study area. In hydrogeological environments, the fracture, porosity, and hydraulic conductivity of rocks can be used for hydrological interpretations as to different pathways of groundwater flow and the objectives of hydrogeological study (Krasny, 2002) . Because of this, the common dissolved components are featured in this incidence, and there are no unknown components. Therefore, the surrounding rocks of the carbonate rocks areas play an important role in the geochemical processes of these areas.
Data Collection and Analysis
The data used in this study were obtained from the Rural Park et al., 2012) . In this study, threshold values were used to estimate background levels of major dissolved components in groundwater.
Results and Discussion
General Chemistry
The chemical composition of the groundwater samples are shown in Table 1 . Here the components exist with identical values to describe the chemical characteristics of groundwater and the adjacent carbonate rock areas. The pH value of the groundwater ranged from 5.2 to 9.9, and the average value was 7.3. This pH value is the average value for the wet and dry seasons. This groundwater pH value is neutral to slightly alkaline in nature. Normally, the pH value follows this order of dominance: groundwater > river water > melt water > fresh water > rain water (Pu et al., 2013) .
The chemical composition of groundwater is determined by a number of factors, such as rock type and mineralogy of the adjacent areas. Fig. 2 (Jiang et al., 2009 ). all the dissolved components show a good log normal distribution, suggesting very low effects in this area.
Cumulative Frequency Curves and Threshold Values
The effects of rainfall, evaporates, and water-rock interactions are indicated by the cumulative frequency curves for dissolved components (Fig. 6 ). There is the , and HCO 3 − (Fig. 7) .
Here all the dissolved components are generally abundant in nature, but Ca which is influenced by calcite mineral dissolution in the carbonate rock areas (Fig. 7a) . The dissolved component is Ca 2+ / Na + > 1, indicating Ca 2+ derived from carbonate minerals, and Ca 2+ / Na + < 1 implies concentrations from silicate minerals such as plagioclases (Fig. 7b) . The second abundance of carbonate minerals are from calcite and dolomite through the 1 : 1 line (Fig. 7c) . Finally, Ca
, and SO 4 2− show the mixed influence of carbonate and pyrite minerals, and abundant distributions of dissolved components (Fig. 7d ), but conversely, water-rock interactions of carbonate dissolution supplied by other sources. In addition to these two factors, other influences include rainfall, and fertilizer and pesticides, which are used in the agricultural areas.
Conclusions
The analysis of groundwater quality reveals that most of the groundwater was type Ca-HCO 3 , and some was type , and HCO 3 − could be supplied by water-rock interactions, and by irrigation return flow and sewage due to the presence of many wells that are used for irrigation purposes. The groundwater in these wells can easily interact with the carbonate rocks. This is concluded from the ionic composition of dissolved components in the groundwater. Therefore, 12.4% of the total groundwater was affected by agricultural activity in the carbonate rock areas of Korea.
